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FRAMING OF THE PROBLEM
In StaTips Part II 1 stress has been given to the repeatability 
analysis as a fundamental part of clinical research. Similarly, the 
distinction between systematic and random errors associated 
with data recording has been given earlier. 1 A very common 
index of repeatability not yet reported in StaTips is the intraclass 
correlation coefficient (ICC). 2 Briefly, the ICC is an index that 
reflects both the degree of correlation and agreement between 
measurements of continuous data. 
The ICC is widely used in orthodontic research for any continuous 
data set that satisfies assumptions for using parametric methods 
(see StaTips Part I 3). For instance, a rater repeating a subset of 
cephalometric recordings over time represents a case of intra-
rater repeatability. On the contrary, when 2 or more raters 
perform cephalometric analyses on the same subset of subjects 
under investigation represents a case of inter-rater repeatability. 
In many of the orthodontic studies, both intra-rater and inter-
rater repeatability is reported.
The ICC cannot be used for ordinal data, such as the skeletal 
maturation stages, or for assessing the interchangeability of 
different measurement methods/parameters. 4 On the contrary, 
the ICC may be used in some circumstances for dichotomous 
data as previously reported 5 (not dealt herein). The ICC exists in 
ten different variants and it thus constitutes an important piece 
of the repeatability analysis in the orthodontic field deserving a 
dedicated article. 
CHOICE OF THE CORRECT INTRACLASS 
CORRELATION COEFFICIENT
Although the wording ICC may be though to refer to a specific 
statistical entity, the ICC comprises a total of ten different variants 
(six described decades ago 2,6 and other four subsequently added 7) 
which are not always recognized by researchers, and that may 
give different outcomes when applied to the very same data set. 
The reason behind such high number of variants resides in the 
concept that the ICC has to be flexible to be applied to many 
different circumstances (for full information, see 6-8). Therefore, 
proper use of the ICC begins with the correct choice of the 
variant for that specific study, which is not a complex procedure.
When selecting the proper ICC, the study design is the first 
step to consider. For a repeatability issue, this includes three 
possibilities as follows: 1) test-retest repeatability; 2) intra-
rater repeatability; and 3) inter-rater repeatability. As a rule 
of thumb, it has been reported that preferred repeatability 
studies should involve at least 30 heterogeneous samples (i.e. 
subjects, cephalometric recordings and so on) recorded by 
at least 3 raters (when dealing with inter-rater repeatability). 
8 A brief explanation of each of these repeatability studies is 
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It refers to the repeatability between consecutive sessions 
taken by the same instrument under the same conditions 




It refers to the repeatability of the same (single) rater 
recording a given parameter in consecutive sessions under 
the same conditions (longitudinal recordings).
Inter-rater 
repeatability
It refers to the repeatability between 2 or more raters 
recording a given parameter on the same group of subjects 
under the same conditions (cross-sectional recordings).
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reported in Table 1. Thereafter, it is important to deal with three 
different aspects strictly related to the way the ICC is calculated. 
agreement and consistency). A brief explanation of each of these 
model, type and definition is reported in Table 2. According to 
the different combinations of the study designs, models, types 
and definitions, specific variants of the ICC are obtained. In 
particular, the six ICC variants classified by Shrout and Fleiss 6 
and the subsequent four variants reported by McGraw and 
Wong 7 are reported in Table 3. 
These are as follows: 1) model (including one-way random-
effect, two-way random-effect and two-way mixed-effect); 2) 
type (including single rater/measurement and mean of multiple 
raters/measurements); and 3) definition (including absolute 
Table 2. Definition of the different criteria used to select the intraclass 
correlation coefficient.




Each recording made by a different 
set of raters who were randomly 
chosen from a population (different 
groups of subjects involved).
Results extended to 
the whole populations 




Each recording made by the same 
set of raters who were randomly 
chosen from a population (a unique 
group of subjects involved).
Results extended to 
the whole population 




Each recording made by the same 
set of raters who were not randomly 
chosen from a population (a unique 
group of subjects involved).
Results limited to the 





Recordings from a single rater (or 
an instrument, in case of test-retest 





The mean recording from a set of 
raters (or a set of measurements from 
an instrument, in case of test-retest 





Repeatability based on the exact 
same scores among recordings. It 
takes into account systematic error 
among raters/recordings.
Recommended when 
systematic error among 
raters/recordings is 
expected to be relevant 
(more frequent).
Consistency
Repeatability based on the 
correlation among recordings. 
It does not take into account 
systematic error among raters/
recordings.
Recommended when 
systematic error among 
raters/recordings is not 
expected to be relevant 
(less frequent).
Table 3. The ten different variants of the intraclass correlation coefficient 
according to the model, type, and definition criteria.
A, ICC classified by Shrout and Fleiss 6 classification; B, ICC added by 










































A simplified diagram illustrating the steps in choosing the 
proper ICC variant is shown in Figure 1. According to this 
diagram, the selection of the ICC would be very easy in case of 
test-retest and intra-rater repeatability studies. A slightly more 
complex situation regards the case of inter-rater repeatability 
study, while rare cases (such as those using the one-way random-
effect model) have been partially omitted to simplify the picture. 
Finally, the ICC may be interpreted and numbers converted into 
repeatability outcomes (as fair, moderate, good and excellent) 
according to pre-determined ranges as reported in Table 4. An 
average statistical software carries functions to calculate all the 
ICC variants.
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Figure 1. A simplified diagram illustrating the selection process of the 
intraclass correlation coefficient for the most frequent cases in clinical research.
In red, models rarely used (without further information provided on the 
diagram). Adapted from Bartko2 and Koo and Li8.
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REPORTING OF THE INTRACLASS CORRELATION 
COEFFICIENT
Considering the existence of different ICC variants, a correct 
reporting of the study of repeatability should include details 
regarding the choice of the ICC. Specifically, model, type and 
definitions considered should be reported (eventually for each 
of the different ICC used). The 95% confidence intervals are 
also of importance and should be reported along with the 
corresponding ICC estimations. 
The intervals used to interpret the ICC have to be reported in 
the methods and confidence intervals have also to be taken into 
account when interpreting the ICC (Table 4) and accordingly, a 
range of outcomes, i.e. good to excellent, will be reported. A typical 
example of how to report the ICC in a scientific paper is provided:
Statistical analysis
Repeatability analysis was performed on a subset of 30 
samples randomly chosen and assessed at two different 
time points by two raters. After having tested the existence 
of a normal distribution of the data sets, the intraclass 
correlation coefficient (ICC) was used for the analysis. A 
two-way random-effect model based on single ratings and 
absolute agreement assessed the inter-rater repeatability, 
and a two-way mixed-effect model based on single rating 
assessed the intra-rater repeatability for either rater. Mean 
estimations along with 95% confidence intervals (CI) 
were reported for each ICC. Interpretation was as follows: 
<0.50, poor; between 0.50 and 0.75, fair, between 0.75 
and 0.90 good; above 0.90, excellent.
Results
The ICC for inter-rater reliability was between fair and 
excellent being 0.85 (0.66-0.94), the ICC's for the intra-
rater repeatability was between good and excellent being 
0.92 (0.89-0.98) and 0.88 (0.72-0.95) for raters 1 and 2, 
respectively.
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